As our understanding of degenerative pathology in the shoulder has evolved over the last few decades, there has been an implied association between symptoms and radiological changes. 1-8 Neer described bony changes in stage-III impingement in patients over 40 years of age. 6 These included traction spurs on the anterior acromion, and prominence of the greater tuberosity. Bigliani et al 1 and Rockwood and Lyons 7 further substantiated these findings with the description of pathological changes in the acromion and the radiological evidence of an impingement syndrome. These radiological observations in patients with symptoms, infer that such changes represent a pathological process, but they have not, however, been differentiated from normal, age-related changes.
R
adiographs of the shoulders of 84 asymptomatic individuals aged between 40 and 83 years were evaluated to determine changes in 23 specific areas. Two fellowship-trained orthopaedic radiologists graded each area on a scale of 0 to II (normal 0, mild changes I, advanced changes II). Logistic regression analysis indicated age to be a significant predictor of change (p < 0.05) for sclerosis of the medial acromion and lateral clavicle, the presence of subchondral cysts in the acromion, formation of osteophytes at the inferior acromion and clavicle, and narrowing and degeneration of the acromioclavicular joint. Gender was not a significant predictor (p > 0.05) for radiological changes. Student's t-test determined significance (p < 0.05) between age and the presence of medial acromial and lateral clavicular sclerosis, subchondral acromial cysts, inferior acromial and clavicular osteophytes, and degeneration of the acromioclavicular joint.
Radiological analysis in conditions such as subacromial impingement, pathology of the rotator cuff, and acromioclavicular degeneration should be interpreted in the context of the symptoms and normal age-related changes.
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As our understanding of degenerative pathology in the shoulder has evolved over the last few decades, there has been an implied association between symptoms and radiological changes. [1] [2] [3] [4] [5] [6] [7] [8] Neer described bony changes in stage-III impingement in patients over 40 years of age. 6 These included traction spurs on the anterior acromion, and prominence of the greater tuberosity. Bigliani et al 1 and Rockwood and Lyons 7 further substantiated these findings with the description of pathological changes in the acromion and the radiological evidence of an impingement syndrome. These radiological observations in patients with symptoms, infer that such changes represent a pathological process, but they have not, however, been differentiated from normal, age-related changes.
Sher et al 8 described the abnormal appearances of asymptomatic shoulders on MRI; 54% of these subjects over the age of 60 years had evidence of a tear in the rotator cuff, with the incidence correlating with age. Other authors have also described the use of MRI, MR arthrography, and ultrasound to document abnormal findings in patients without symptoms. [9] [10] [11] [12] [13] Despite radiological descriptions of abnormalities of the shoulder, no study has shown a relationship between age, gender, and radiographic changes in asymptomatic individuals. The significance of these changes in conditions such as subacromial impingement, pathology of the rotator cuff and degeneration of the acromioclavicular (AC) joint has not been established. 1, 2, [4] [5] [6] 8, 14, 15 Our study was designed to determine if there is a relationship between age, gender, and radiological abnormalities in asymptomatic individuals between the ages of 40 and 83 years.
Patients and Methods
The investigation was approved by the Institutional Review Board and paid volunteers were recruited by advertisement. They were asymptomatic, with no history of an injury to either shoulder requiring physiotherapy, an injection or surgery. Screening involved a questionnaire including medical history, handedness, shoulder injury, shoulder pain and functional limitations. Three radiographs were taken of each shoulder: a view of the AC joint, an anteroposterior (AP) projection of the glenohumeral joint with 30° of humeral external rotation and one of the supraspinatus outlet.
There were 32 men and 52 women with a mean age of 58 years (40 to 83). The 498 radiographs were interpreted by two fellowship-trained orthopaedic radiologists. A standard form developed by one of the authors (CAH) listed 23 areas to be examined on the three radiographs of each shoulder. There were 12 in the acromion and AC joint, six in the greater tuberosity of the humerus and five in the clavicle (Fig. 1) . Each area was graded, with no changes defined as grade 0, mild as grade I and advanced as grade II. The shape of the acromion was described using the classification of Bigliani et al 1 of type I (flat), type II (curved), and type III (hooked). Each radiologist read all sets of films in a blinded fashion. Identical radiographs of the shoulder from over 100 patients diagnosed with subacromial impingement, arthritis of the AC joint or a tear of the rotator cuff were intermixed with the films of the subjects as controls. Statistical analysis. Prior pilot studies revealed no statistical difference between the right and left shoulders of the subjects, and the right shoulder was designated as the representative joint. The radiologists examined 23 areas of each shoulder for degenerative changes. Nine had no abnormal ratings and were not included in the analysis. Due to the small number of grade-I and grade-II ratings, and to improve statistical power, the remaining 14 radiological areas were classified into two groups; normal (grade 0) or abnormal (grades I or II). For these 14 areas, logistical regression analysis was carried out to determine whether age and gender could predict normal or abnormal changes. An evaluation of overall fit for the model was done using the chi-squared test to assess any reduction in the log likelihood value caused by the introduction of independent variables. This stepwise procedure allowed the identification of a predictor variable subset yielding an optimal equation with as few predictors as possible. The significance of the logistic coefficients was determined using the Wald statistic. The resulting model was used to derive estimates of the odds ratios (OR) for each factor with 95% confidence intervals (CI). The accuracy of prediction of the classification matrices was done using Press's Q statistic to test for statistical significance that the accuracy of classification was better than chance. The calculated Q value was compared with the critical chisquared value for one degree of freedom at the 0.05 level. 16 Independent Student's t-tests were conducted to determine the mean age difference between normal and abnormal conditions. All statistical tests were done at the 0.05 alpha level. The results for the variables remaining in the stepwise procedure are listed in Table I . Table II contains significant results of the independent Student t-tests.
Results
For the acromion (AC joint view), a significant overall fit for the chi-squared improvement model, which does not include any independent variables, was found for sclerosis of the medial acromion (chi-squared = 6.992, p = 0.030), inferior acromial osteophytes (chi-squared = 9.605, p = 0.008), and subchondral acromial cysts (chi- Table I . For the AC joint, a significant overall model fit was found for narrowing (chi-squared = 10.163, p = 0.006) and degenerative disease (chi-squared = 16.374, p ≤ 0.001). Significant model fit was also noted with the single variable, age, for both narrowing of the AC joint (OR = 1.067, CI 1.023 to 1.114) and overall degenerative joint disease (OR = 1.080, CI 1.037 to 1.124). Press's Q statistic was significant for narrowing of the AC joint (Q = 17.81, p ≤ 0.05), as well as overall degenerative joint disease (Q = 10.714, p ≤ 0.05). No statistical significance (p > 0.05) was found for any of the conditions associated with the greater tuberosity or the acromial outlet view. The Wald statistics for age are shown in Table I .
The results of the Student t-test utilised age as the variable and normal/abnormal radiological ratings as the independent variable. They showed significant mean differences (p ≤ 0.05) for sclerosis of the medial acromion, inferior acromial osteophytes and subchondral acromial cysts as seen on the AC joint view, with the mean age higher for the abnormal ratings (Table II) . No significant mean age difference was noted for superior acromial osteophytes (p ≥ 0.05). A significant mean difference was found for sclerosis of the lateral clavicle and inferior clavicular osteophytes on the AC joint view (p ≤ 0.05), with a higher mean age for the abnormal condition (Table II) . No significant differences (p ≥ 0.05) were found for superior clavicular osteophytes or subchondral clavicular cysts. As shown in Table II a significant age difference was noted with narrowing of the AC joint and overall degenerative disease, with a higher mean age for the abnormal condition (p ≤ 0.05). No significant age differences were found for any of the ratings dealing with the greater tuberosity (AP 30° external rotation view) or the outlet view of the acromion (p ≤ 0.05).
Discussion
Keyes 17 and De Palma, White and Callery 18 and DePalma 19 described age-related changes of the glenohumeral and AC joints in two cadaver studies. The subjects had no documented shoulder problems before death, and the gross anatomical appearances correlated with the radiological findings. Degenerative changes of the AC joint were initially seen in the fourth decade, with the frequency increasing with each successive decade. Although detailed descriptions of gross and microscopic changes of the AC joint were reported, the radiological observations were brief and non-specific. Nicholson et al 20 described a radiological study of acromial morphology, subacromial spurring, and AC degeneration in the cadaver. The authors noted no association between acromial morphology and age, with 42% of specimens demonstrating a type-II acromion. A similar cadaver study by Getz et al 21 reported the prevalence of a type-II acromion to be 68%. In a study of patients with tears of the rotator cuff, Norwood et al 14 described the incidence of subacromial spurring and AC degeneration as 60% and 61%, respectively. The authors noted the incidence of a type-II acromion to be 39% in a group of patients with a mean age of 58 years. In our study, the shape of the acromion did not correlate with age. One explanation for the differing observations between the cadaver and human studies may be that radiographs, such as those taken in the study by Nicholson et al, 20 did not involve the humeral head or scapular soft tissue. Radiographs in our study included the overlapping humeral head and soft tissues which partially obscure the acromion on the supraspinatus outlet view. The presence of these structures may influence the interpretation of the shape of the acromion. This appears to be the first study to establish the relationship between radiological changes in asymptomatic shoulders, age and gender. It indicates that subacromial spurring is not presumptive evidence of impingement. The radiological findings should be correlated with symptoms. A type-II acromion does not appear to be an abnormality which is associated with age.
We found significant relationships between specific radiological degenerative changes and age with a higher incidence of sclerosis of the medial acromion and lateral clavicle, osteophytes of the inferior acromion and clavicle, narrowing of the AC joint, degenerative disease of the AC joint, and subchondral acromial cysts in older subjects. This suggests that some degenerative changes within the shoulder are associated with age and that most age-related changes take place in the acromion and clavicular regions. Age-related degenerative changes within the shoulder do not appear to be gender-specific.
Two limitations must be considered. The first is the under-reporting of shoulder symptoms by volunteers. We relied upon accuracy in the responses to the questionnaire but there may have been a financial incentive for subjects to minimise shoulder pain.
The second limitation is the dependence upon the interpretation of radiographs by only two examiners. Such assessment can be subjective and numerous studies have demonstrated poor interobserver reliability when radiographs are interpreted by different individuals. 4, 22, 23 However, we considered the consensus opinion of two orthopaedic radiologists to be the most objective manner in which to interpret these films.
In summary, our results indicate a relationship between age and degenerative findings at defined sites on radiographs of the shoulder in asymptomatic subjects. Care must be taken not to misinterpret normal age-related changes as indicative of pathological abnormalities, especially in the region of the AC joint. The radiological abnormalities should be interpreted in the context of the patient's symptoms.
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